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Objective. To prospectively identify behavioral risk factors for childhood overweight and to assess their relevance in high risk sub
groups (children of mothers with overweight or low education). Methods. In the PIAMA birth cohort (n = 3963), questionnaire
data were obtained at ages 5 and 7 on “screen time”, walking or cycling to school, playing outside, sports club membership, fast
food consumption, snack consumption and soft drink consumption. Weight and height were measured at age 8 years. Results.
Screen time, but none of the other hypothesized behavioral factors, was associated with overweight (aOR 1.4 (CI: 1.2–1.6)). The
adjusted population attributable risk fraction for screen time >1hr/day was 10% in the high risk and 17% in the low risk sub
groups. Conclusion. Reduction of screen time to <1hr/day could result in a reduction of overweight prevalence in the order of 2
percentage points in both high and low risks sub groups.
1.Introduction
Puttingahalttotherisingtrendinoverweightprevalencehas
high priority in public health policy all over the developed
world. Prevention, preferably starting at an early age, is
considered as the key strategy to achieve this goal [1],
and considerable eﬀort is put into the design of preventive
measures [2]. Whereas we know in general terms that over-
weight is the result of an unbalance between energy intake
and energy expenditure, development of eﬀective preventive
measures requires a much more speciﬁc understanding.
Speciﬁcdietaryhabitsand(in)activitiesassociatedwithover-
weight risk in speciﬁc age groups need to be identiﬁed and
their quantitative contribution to the overweight prevalence
in the population needs to be assessed. In addition, we need
to know whether the importance of speciﬁc behaviors for
the development of overweight diﬀers between sub groups
in the population. It is well established that children from
families with a low socio-economic status and children
with overweight parents are at increased risk to develop
overweight [3–9]. It is therefore particularly important to
assess the role of behavioral risk factors speciﬁcally in
these children, since they are the priority target groups for
interventions to prevent and reduce overweight.
The aim of this study was to identify speciﬁc behav-
ioral risk factors for overweight in young children and
to assess their quantitative contribution to the prevalence
of overweight in the general population and in high risk2 Journal of Obesity
sub groups. In a large population-based birth cohort,
we prospectively investigated associations between dietary
habits, screen time and physical activity when the children
were 5 and 7 years old and overweight at the age of 8
years. We also assessed the role of these behavioral factors
separately in high risk sub groups: children of mothers with
overweight and children of mothers with low education.
We estimated the reduction of overweight prevalence that
could be achieved if the prevalence of risk factors would be
reduced.
2.MaterialsandMethods
2.1. Study Design and Study Population. The study popula-
tion consisted of children who participated in the Dutch Pre-
vention and Incidence of Asthma and Mite Allergy (PIAMA)
birth cohort study. A detailed description of the study design
has been published previously [10]. The baseline study pop-
ulation consisted of 4146 pregnant women, recruited from
the general population in 1996-1997. Postal questionnaires,
including questions on the child’s lifestyle and health, were
sent to the parents during pregnancy, at the child’s ages of
3 and 12 months, and yearly thereafter up to the age of
8 years. At the age of 8 years, the children were invited
for a medical examination which included measurement of
weight and height. The study protocol was approved by the
medicalethicscommitteesoftheparticipatinginstitutes,and
all parents gave written informed consent. Of the baseline
population of 4146 pregnant women, 183 (5%) were lost to
follow-up before any data on the child had been collected.
The study therefore started with 3963 newborns. Parental
completed questionnaires from age 3 months to 8 years were
available for 3934, 3817, 3694, 3563, 3518, 3473, 3373, and
3269 children, respectively. When the medical examination
of 8-year-old children was planned, 3668 children (93% of
3963) were still in the study, 3522 children were invited
and 2214 participated (63% of those invited) and had their
weight and height measured. 146 of the 3668 children were
not invited for the medical examination, although they were
still participating in the study. In the majority of cases
the reason for this was that their families had moved and
were now living too far away from the study centers where
the medical examination was conducted. Complete data on
overweight and risk factors were available for 1871 children
(47% of the 3963 children in the study at birth).
2.2. Outcome Variables. During the medical examination of
the 8-year-old children,They were weighed and measured in
their underwear. Weight was measured to 0.1kg and height
to0.1cmbytrainedresearchstaﬀusingcalibratedmeasuring
equipment. From the weight and height measurements BMI
(body mass index: weight (kg)/height (m)
2) was calculated.
“Overweight” and “obesity” were deﬁned according to age
and gender-speciﬁc international standards that use cutoﬀ
points equivalent to the 25kg/m2 and 30kg/m2 cut-oﬀs that
are commonly used for adults [11]. The term “overweight”
is used for the total group of children who were overweight,
including those who were obese.
2.3. Exposure Variables: Physical Activity, Screen Time, and
Diet. For physical activity, 3 indicators were selected: time
spent walking or cycling to school (3 categories), member-
ship of a sports club (yes/no), and time spent playing outside
(3 categories). “Screen time” (4 categories) included time
spent watching television, video’s, or at the computer. For
dietary intake, 3 indicators were used: fast food consump-
tion, snack consumption, and soft drink consumption. Data
on these exposures were obtained from the questionnaires
administered at the ages of 5 and 7 years. These question-
naires contained a food frequency questionnaire with 40
diﬀerent items and 5 answering categories per item (ranging
from “never in the last month” to “on 6-7 days per week”),
which was used to construct the dietary exposure variables.
For “fast food consumption” a score was constructed based
on the consumption frequencies of chips/French fries and of
foods like hamburgers and hot dogs. “Snack consumption”
was based on the reported consumption frequencies of
7d i ﬀerent foods/food groups including pie/cake, muﬃns,
candybars,sweets,chocolate,biscuits,andcrisps.“Softdrink
consumption” was based on the reported frequencies of
consumption of4typesof softdrinks. Eachofthesevariables
was based on a number of diﬀerent items, which diﬀered
with respect to their energy content. To be able to “add up”
the diﬀerent items, total weekly energy intake from each item
was calculated based on the reported frequencies, assuming
averageportionsizesandaverageenergycontentperportion.
Data on maternal education and maternal weight and height
were obtained from the questionnaire completed when the
child was 1 year old. Maternal BMI was calculated from
reported weight and height and overweight and was deﬁned
as a BMI ≥25kg/m2.
2.4. Data Analysis. The associations between the exposure
variables and overweight at the age of 8 years were analysed
by logistic regression, adjusted for gender and birth weight.
Exposure variables were constructed using the data collected
at both the age of 5 and at the age of 7 years in order
to obtain a more stable estimate of exposure during the
years preceding the measurement of weight and height.
Walking/cycling to school, playing outside and screen time
were recorded in categories, numbered 1, 2, and 3 for
walking/cycling to school, 1, 2, and 3 for playing outside, and
1, 2, 3, and 4 for screen time (see Table 1). The data collected
at the ages of 5 and 7 years, were combined by taking the
mean of the numbers of the categories reported at the ages of
5 and 7 years respectively. This resulted in ordinal variables
with 5 categories for walking/cycling to school (ranging from
never at ages 5 and 7 to >1/2 an hour per day at both
ages), 5 categories for playing outside (ranging from <1x
per week at ages 5 and 7 to >3x per week at both ages)
and 7 categories for screen time (ranging from <1/2 an hour
per day at ages 5 and 7 to >2 hours per day at both ages).
After having checked for nonlinearity, these variables were
included as continuous variables in the regression models.
Fast food, snack and soft drink consumption at age 5–7 (the
mean of the consumption scores at age 5 and at age 7),
were included in the regression analyses as linear variables,
but are shown in categories (tertiles) in Table 1.O v e r w e i g h tJournal of Obesity 3
Table 1: Characteristics of the study population and prevalence of overweight (including obesity) and obesity at the age of 8 years in sub
groups of the population.
n ( % ) O v e r w e i g h ta ta g e8 % O b e s i t ya ta g e8 %
Age 0-1
Gender
Boy 2055 (51.8%) 12.1 2.5
Girl 1908 (48.2%) 15.5 3.0
Maternal education
1
Low 934 (23.6%) 18.3 4.1
Intermediate 1651 (41.7%) 14.0 3.3
High 1378 (34.8%) 10.5 1.2
Maternal overweight
BMI<25kg/m2 2960 (74.7%) 10.0 1.5
BMI ≥ 25kg/m2 1003 (25.3%) 25.0 6.8
Birth weight
<2500g 134 (3.4%) 10.0 2.3
2500–4000g 3119 (78.7%) 12.5 2.3
≥ 4000g 710 (17.9%) 20.1 5.1
Breast feeding
None 710(17.9 %) 18.7 4.0
0–16 weeks 1861 (47.0%) 13.4 2.8
≥ 16 weeks 1392 (35.1%) 11.7 2.0
Age 5 years
Fast food consumption
2
Low (523kJ/wk) 1427 (36.0 %) 12.1 1.6
Intermediate (1549kJ/wk) 1583 (40.0%) 14.0 2.7
High (2596kJ/wk) 953 (24.0%) 15.8 4.4
Snack consumption
2
Low (2253 kJ/wk) 1314 (33.2%) 13.7 3.0
Intermediate (3350 kJ/wk) 1327 (33.5%) 14.1 2.0
High (5100 kJ/wk) 1322 (33.4%) 13.5 3.1
Soft drink consumption2
Low (1436kJ/wk) 1351 (34.1%) 12.5 1.7
Intermediate (2064kJ/wk) 1342 (33.9%) 15.0 3.2
High (3132kJ/wk) 1270 (32.1%) 13.7 3.0
Member sport club
Yes 2441 (61.6 %) 14.1 3.0
No 1522 (38.4%) 13.3 2.4
Walking/cycling to school
Cat.1 never 1449 (36.6%) 13.7 3.2
Cat.2 < 1/2 hr p.day 2105 (53.1%) 13.8 2.4
Cat.3 ≥ 1/2hr p.day 409 (10.3%) 13.8 3.0
Screen time
Cat.1 ≤ 1/2hr p. day 935 (23.6%) 9.9 2.2
Cat.2 1/2–1hr p. day 1873 (47.3%) 13.2 2.1
Cat.3 1-2hrsp. day 1020 (25.7%) 17.5 4.1
Cat.4 > 2hrsp. day 135 (3.4%) 19.7 5.1
Playing outside
Cat.1 ≤1x p. wk 179 (4.5%) 17.1 6.2
Cat.2 1–3x p. wk 901 (22.8%) 14.5 3.0
Cat.3 > 3x p. wk 2883 (72.7%) 13.3 2.44 Journal of Obesity
Table 1: Continued.
n ( % ) O v e r w e i g h ta ta g e8 % O b e s i t ya ta g e8 %
Age 7 years
Fast food consumption2
Low (523 kJ/wk) 1410 (35.6%) 12.6 2.7
Intermediate (1549 kJ/wk) 1550 (39.1%) 13.4 2.1
High (2596 kJ/wk) 1003 (25.3%) 15.9 3.8
Snack consumption2
Low (2492 kJ/wk) 1331 (33.6%) 15.1 3.8
Intermediate (3643 kJ/wk) 1311 (33.1%) 14.1 2.4
High (5465 kJ/wk) 1321 (33.3%) 12.0 1.9
Soft drink consumption2
Low (1436 kJ/wk) 1393 (35.1%) 14.8 2.5
Intermediate (2010 kJ/wk) 1254 (31.7%) 13.2 3.1
High (2986 kJ/wk) 1316 (33.2%) 13.2 2.6
Member sport club
Yes 3414 (86.2%) 14.0 2.8
No 549 (13.9%) 12.1 2.1
Walking/cycling to school
Cat.1 never 683 (17.2%) 14.3 2.6
Cat.2 < 1/2hrp. day 2758 (69.6%) 13.3 2.6
Cat.3 ≥ 1/2hr p. day 522 (13.2%) 15.5 3.7
Screen time
Cat.1 ≤ 1/2 hr p. day 548 (13.8%) 12.5 3.1
Cat.2 1/2–1 hr p. day 1683 (42.5%) 12.0 2.7
Cat.3 1-2 hrs p. day 1504 (38.0%) 15.1 2.6
Cat.4 > 2 hrs p. day 108 (5.7%) 20.5 2.8
Playing outside
Cat.1 ≤ 1x p. wk 152 (3.9% ) 19.8 4.7
Cat.2 1–3x p. wk 943 (23.8%) 14.0 3.2
Cat.3 > 3x p. wk 2868 (72.4%) 13.4 2.5
1Low = primary,lowervocationalandlowergeneral;Intermediate =seniorhighschoolandintermediatevocational;High =highervocationalanduniversity.
2For each category (Low, Intermediate, and High) the median energy intake (kJ/week) from this food group is shown in brackets.
(including obesity) was used as the outcome measure in
the regression analyses. The number of obese children was
too small for analyses with fully adjusted regression models,
and obesity was therefore not used as outcome measure in
these analyses. In previous studies in the PIAMA cohort,
breast feeding was investigated in relation to overweight risk
and was found to be associated with reduced overweight
risk [12, 13]. Although breastfeeding is not the subject of
this study, results on breast feeding are shown in the tables
for completeness. In additional analyses, the associations of
physical activity and diet with overweight were also assessed
separately for the exposures at age 5 and at age 7.
Thirteen percent of all the data potentially in the study
(3963 participants × 20 variables = 79260) were missing
and 2092 children (53%) had a missing value on at least
1 of the variables. If data are not “missing completely at
random” (MCAR), complete case analysis may lead to biased
results [14, 15]. In our dataset several variables (including
maternal education and breast feeding) were associated with
the probability of a subject having one or more missing
values. We therefore used multiple imputation to deal with
missing data. Missing data were multiple times imputed,
using the “Multivariate Imputation by Chained Equations”
(MICE) procedure [16, 17], that runs under the statistical
program R version 2.5.0 [18]. For the multiple imputation
we used all the data that were used in the analyses, as well as
data on the children’s weight and height that were measured
and reported by the parents in the yearly questionnaires.
All analyses were performed on the complete case data and
on the imputed data. The results shown are those from the
analyses in the imputed data set.
Maternal education and maternal overweight could be
confounders of the associations studied but could also be
factors in causal pathways. The analyses were therefore
conducted with and without these two variables in the
models. In addition, the analyses were repeated, stratiﬁed for
maternaleducation, maternaloverweightandgender.Diﬀer-
ences between the associations observed in the diﬀerent subJournal of Obesity 5
Table 2: Adjusted odds ratios (95% CI) for the associations of behavioral risk factors, low maternal education, and maternal overweight
with overweight (including obesity) at the age of 8 years.
Model 1 Model 2 Model 3 Model 4
aOR (95% CI) aOR (95% CI) aOR (95% CI) aOR (95% CI)
Breastfeeding
0–16wks 0.66 (0.50–0.86) 0.68 (0.52–0.90) 0.72 (0.55–0.94) 0.70 (0.53–0.92)
>16wks 0.54 (0.41–0.73) 0.60 (0.45–0.81) 0.65 (0.48–0.89) 0.65 (0.48–0.88)
Fast food consumption 1.47 (1.05–2.09) 1.29 (0.88–1.87) 1.15 (0.77–1.72) 1.14 (0.77–1.67)
Snack consumption 0.83 (0.61–1.11) 0.70 (0.52–0.95) 0.68 (0.50–0.93) 0.71 (0.52–0.98)
Soft drink consumption 0.77 (0.39–1.55) 0.91 (0.45–1.83) 0.92 (0.46–1.86) 0.91 (0.44–1.88)
Sportsclub 1.18 (0.83–1.68) 1.14 (0.80–1.61) 1.18 (0.83–1.66) 1.16 (0.81–1.65)
Active transport to school 0.98 (0.80–1.20) 1.02 (0.83–1.25) 1.03 (0.84–1.26) 1.01 (0.82–1.24)
Playing outside 0.84 (0.68–1.03) 0.94 (0.76–1.16) 0.94 (0.76–1.16) 0.95 (0.77–1.17)
Screen time 1.45 (1.26–1.66) 1.39 (1.21–1.61) 1.37 (1.18–1.58) 1.36 (1.17–1.58)
Low maternal education 1.65 (1.28–2.12) 1.46 (1.10–1.94)
Maternal overweight 2.92 (2.38–3.57) 2.78 (2.25–3.43)
Model 1: each variable separately, adjusted only for gender and birth weight.
Model 2: each variable adjusted for gender, birth weight, breast feeding, and for all (other) behavioral risk factors.
Model 3: model 2 + including low maternal education.
Model 4: model 2 + including maternal overweight.
groups were tested by inclusion of interaction terms in the
regression models.
For the behavioral risk factors that were found to be
statisticallysigniﬁcantlyassociatedwithoverweight,adjusted
population attributable risk percentages (PAR%) were calcu-
lated, using the Mantel-Haenszel approach, as described by
Benichou [19].
3. Results
3.1. Characteristics of the Study Population. Table 1 shows
characteristics of the study population and the prevalence
of overweight and obesity in diﬀerent sub groups. Children
with incomplete data on either risk factors or on measured
weight and height at 8 years were compared to the children
with complete data, with respect to a number of character-
istics assessed during the ﬁrst year of the study (data not
shown). Children with incomplete data had, compared to
children with complete data, a relatively high prevalence of
low maternal education (27.5% versus 19.4%) and of no
breast feeding (19.7% versus 15.9%). As expected, in the
imputed data the prevalence of these characteristics was
somewhat higher (23.6% and 17.9%, see Table 1) than in
the children with complete data. The prevalence of maternal
overweight was similar in children with incomplete data and
inchildrenwithcompletedata(24.1%and26.1%,resp.).The
prevalence of overweight in the children was almost the same
in the imputed data and in the complete cases (13.8% and
14.4%, resp.) and the prevalence of obesity was the same in
both datasets (2.7%).
3.2. Associations between Diet, Physical Activity, Screen Time,
and Overweight. Table 2 shows the associations between
diet, physical activity, screen time and overweight. In the
analyses adjusted for gender and birth weight only (model
1), fast food consumption and screen time, were associated
with increased overweight risk. Sports club membership,
active transport to school, playing outside, snack con-
sumption, and soft drink consumption were not associated
with overweight. When all risk factors (including breast
feeding) were included in the same regression model (model
2), the associations with overweight became somewhat
weakerformostfactors,indicatingsomeassociationbetween
the individual risk factors. The association of fast food
consumption with overweight lost statistical signiﬁcance
in this analysis whereas the association with screen time
remained statistically signiﬁcant. Surprisingly, an inverse
association between snack consumption and overweight was
observed.
In additional analyses, the analyses shown in Table 2
were repeated with the behavioral risk factors measured
at age 5 and (separately) with those factors measured at
age 7 instead of the variables combining the exposures
measured at age 5 and age 7. For the physical activity
indicators and for screen time, results of these analyses
were similar to those shown in Table 2, showing associations
between screen time and overweight (aOR (95% CI) at age
5:1.35 (1.19–1.53) and aOR (95% CI) at age 7:1.22 (1.08–
1.39)) but not between the physical activity indicators and
overweight. Snack consumption at age 5 was not associated
with overweight at the age of 8 years (aOR (95% CI): 0.87
(0.66–1.14)), but there was a signiﬁcant inverse association
between snack consumption at age 7 and overweight at the
age of 8 years (aOR (95% CI) 0.70 (0.54–0.91)).
3.3. The Role of Maternal Education and Maternal Over-
weight. Low maternal education and especially maternal
overweight were strong predictors of childhood overweight
(seeTable 2,model1).Theassociationbetweenlowmaternal6 Journal of Obesity
Table 3: Prevalence of dietary habits and activities at ages 5 and 7 years, stratiﬁed by maternal education and by maternal overweight.
Maternal education Maternal overweight
High/Intermediate Low BMI <25 BMI ≥25
n = 3029 n = 934 n = 2960 n = 1003
5yrs 7yrs 5yrs 7yrs 5yrs 7yrs 5yrs 7yrs
Consumption in highest tertile (%)
Fast food 20.5 22.4 35.5
∗∗ 34.7
∗∗ 21.9 23.8 30.5
∗∗ 29.9
∗∗
Snacks 31.0 31.2 41.0
∗∗ 40.3
∗∗ 33.2 33.2 33.7 33.8
Soft drinks 32.1 32.9 31.9 34.3 31.5 34.2 33.8 30.4
∗
Member sport club (% no) 37.4 12.6 41.5
∗ 17.9
∗∗ 38.1 13.5 39.2 14.9
Walking/cycling school (% never) 36.1 17.0 38.0 18.1 36.4 17.1 37.0 17.6
Screen time (% >2hrs/day) 2.3 4.6 7.0
∗∗ 9.6
∗∗ 2.9 5.8 4.9
∗∗ 5.6
Playing outside (% ≤1x/wk) 4.1 3.6 6.0 4.8 4.2 3.9 5.4 3.6
∗P <. 05 for diﬀerence in prevalence of the 2 sub groups at the same age.
∗∗P <. 01 for diﬀerence in prevalence of the 2 sub groups at the same age.
Table 4: Adjusted1 odds ratios (95% CI) for the associations of behavioral risk factors with overweight (incl. obesity) at the age of 8 years,
stratiﬁed by maternal education and by maternal overweight.
Maternal education Maternal overweight
High/Intermediate Low BMI <25 BMI ≥25
aOR (95% CI) aOR (95% CI) aOR (95% CI) aOR (95% CI)
Breastfeeding
0–16wks 0.67 (0.44–1.03) 0.78 (0.48–1.28) 0.61 (0.44–0.85) 0.85 (0.53–1.34)
> 16wks 0.60 (0.42–0.85) 0.78 (0.41–1.46) 0.59 (0.39–0.88) 0.78 (0.49–1.27)
Fast food consumption 1.13 (0.66–1.93) 1.14 (0.59–2.17) 1.14 (0.69–1.89) 1.14 (0.60–2.20)
Snack consumption 0.71 (0.48–1.06) 0.64 (0.39–1.05) 0.78 (0.51–1.18) 0.63 (0.37–1.07)
Soft drink consumption 0.92 (0.41–2.07) 0.93 (0.33–2.64) 0.66 (0.27–1.63) 1.49 (0.54–4.06)
Sportsclub 1.20 (0.79–1.79) 1.16 (0.57–2.37) 1.16 (0.70–1.92) 1.22 (0.70–2.12)
Active transport to school 1.02 (0.80–1.31) 1.02 (0.70–1.49) 1.01 (0.74–1.38) 0.98 (0.71–1.35)
Playing outside 0.96 (0.75–1.24) 0.90 (0.61–1.34) 0.78 (0.58–1.05) 1.30 (0.88–1.90)
Screen time 1.45 (1.20–1.76) 1.19 (0.88–1.63) 1.41 (1.15–1.72) 1.28 (1.02–1.61)
1a d j u s t e df o rg e n d e r ,b i r t hw e i g h t ,a n da l lo t h e rr i s kf a c t o r si nt h et a b l e .
education and overweight weakened substantially in the
model including the behavioral risk factors (an almost 25%
change in the regression coeﬃcient from 0.50 to 0.38), indi-
cating that these speciﬁc factors explain at least part of the
excessoverweightprevalenceinchildrenofmotherswithlow
education (see Table 2, model 3). The association between
maternal overweight and overweight in the child weakened
only marginally in the model including behavioral risk fac-
tors (5% change in regression coeﬃc i e n tf r o m1 . 0 7t o1 . 0 2 ) ,
indicating that the association between maternal overweight
and overweight of the child is only to a limited extent medi-
ated by the behavioral factors studied (see Table 2,m o d e l4 ) .
3.4. Stratiﬁcation for Maternal Education, Maternal Over-
weight, and Gender. The analyses were repeated after strat-
iﬁcation for low maternal education, maternal overweight
andgender,respectively.Inthesubgroupswithlowmaternal
education and with maternal overweight the prevalence of
overweight was relatively high (see Table 1). Children of
motherswithalowleveleducationhadahigherprevalenceof
high fast food and snack intakes, of >2 hours screen time per
day and of not being member of a sport club than children
of more highly educated mothers (see Table 3). Children of
overweightmothershadahigherprevalenceofhighfastfood
intake and of >2 hours screen time per day (at the age of 5,
but not at 7 years) than children of normal weight mothers
(see Table 3).
Girls had a slightly higher prevalence of overweight
and slightly less screen time than boys (data not shown).
The results suggest that the associations between screen
time and overweight were weaker in children of mothers
with overweight or low education than in children of
mothers with a normal weight or higher level of education
(Table 4). Interactions between the exposure variables and
low maternal education and maternal overweight were not
statistically signiﬁcant,however. For boys and girls these
associations were very similar (data not shown).
3.5. The Contribution of Screen Time to the Prevalence of
Overweight. Of the behavioral risk factors studied, only
screen time was statistically signiﬁcantly associated with
overweight.BasedontheprevalenceandadjustedoddsratiosJournal of Obesity 7
Table 5: Screen time >1hr/day at age 5 and/or age 7, stratiﬁed by maternal education and by maternal overweight: Prevalence; association
with overweight (incl. obesity) at age 8 (with <1hr/day at ages 5 and 7 as the reference); adjusted1 Population Attributable Risk (PAR%);
achievable reduction in overweight prevalence if risk factor was removed.
Screen time > 1hr/day at age 5 and/or age 7 Maternal education Maternal overweight
High/Intermediate Low BMI <25 BMI ≥25
Prevalence (%) 47.5 62.6 48.6 57.8
Association with overweight at age 8 (aOR (95% CI)) 1.54 (1.16–2.06) 1.20 (0.78–1.83) 1.52 (1.12–2.04) 1.22 (0.84–1.76)
PAR % 16.7 10.2 16.6 10.4
Achievable reduction in overweight prevalence (%) from 12.4 to 10.3 from 18.3 to 16.4 from 10.0 to 8.3 from 25.0 to 22.4
1adjusted for gender, birth weight, breast feeding and all behavioral risk factors included in the study.
for screen time >1hr per day (see Table 5), we estimated how
muchscreentimecontributedtothetotalprevalenceofover-
weight. Table 5 shows the adjusted population attributable
risk percentage (PAR%) for a screen time of more than 1
hour per day at age 5 and/or age 7 as compared to less than 1
hour at both ages. Of the total overweight prevalence in the
low risk sub groups an estimated 17% could be attributed
to screen time of >1 hour per day as compared to 10% in
the high risk sub groups. This means that, if all children
would reduce their screen time to less than 1 hour per day,
the following reductions in overweight prevalence could be
achieved: from 18.3% to 16.4% in children of mothers with
low education; from 12.4% to 10.3% in children of mothers
with higher education from 25.0% to 22.4% in children of
overweight mothers and from 10.0% to 8.3% in children of
normal weight mothers.
3.6. Sensitivity Analysis in Complete Cases Only. All analyses
were conducted in a data set containing only complete cases
as well as in the imputed data. Results were similar. The
odds ratios (95% CI) for screen time, for example, were
1.47 (1.24–1.75) and 1.41 (1.17–1.70) in model 1 and model
2, respectively, in the complete case analysis, compared to
1.45 (1.26–1.66) and 1.39 (1.21–1.61) in the analysis in the
imputed data set.
4. Discussion
We evaluated the role of behavioral risk factors in the devel-
opment of childhood overweight. Of 8 diﬀerent potential
behavioral risk factors, only screen time showed consistent
and signiﬁcant associations with overweight. In high risk sub
groups of the population, screen time was higher than in low
risksubgroups,buttheassociationsbetweenscreentimeand
overweight were weaker (although not signiﬁcantly weaker)
in the high risk sub groups.
4.1. Strengths and Limitations. Important strengths of the
study were the prospective design, the large study pop-
ulation, the repeated measurements (at ages 5 and 7)
of diﬀerent behavioral risk factors and the availability of
measured (rather than parental reported) data on weight
and height.However, a number of limitations have to be
considered.
Thirteen percent of our data were missing and 53% of
the study population had a missing value on 1 or more of the
variables used in the analyses. We used multiple imputation
to deal with missing data in our study in order to avoid bias
due to selective missing of data and to make more eﬃcient
use of the available data. In addition, we also conducted a
complete case analysis. Results of the complete case analysis
and the analyses in the imputed data sets were similar.
Information on the behavioral risk factors was obtained
from parental completed questionnaires and we therefore
need to address the possibility of misreporting. The ques-
tions asked ranged from simple matter-of-fact items (like
sports club membership yes/no) to items that are more dif-
ﬁcult to observe and recall accurately (like the consumption
frequency of a range of diﬀerent food items). We expect that
recalling or reporting problems will not have substantially
inﬂuenced the data on sports club membership or transport
to school and that any misreporting on these items will
not have been systematically associated with overweight
development. The data on foods and drinks consumption
maywellhavebeeninﬂuencedby reporting bias.Manyofthe
foods included in the dietary variables have a bad reputation
in relation to overweight, and selective underreporting by
parents of children who were developing overweight may
have occurred.
Another problem with respect to the diet variables is
that data were available on the consumption frequencies
of food items, but not on portion sizes. Estimates of the
intakes of fast food, snacks and soft drinks and the ranking
ofchildrenaccordingtotheirintakeswerethereforebasedon
reported consumption frequencies only, and the possibility
of misclassiﬁcation of food intake cannot be excluded.
4.2. Physical Activity and Overweight. Physical activity was
investigated in relation to overweight, using 3 diﬀerent
indicators. Membership of a sports club and active trans-
portation to school were not associated with overweight in
this population. The reason that we did not observe the
hypothesized associations might be that in young children
the duration and intensity of these activities are usually too
low to have a sizeable impact on total activity. If this would
be conﬁrmed in further studies, it may have potentially
important implications for the allocation of budgets for the
prevention of overweight in this age group. In older children
and adolescents active transport to school and sports club
membership may well be more important factors in relation
to overweight [17]. We found some evidence for an inverse
relation between playing outside and overweight, but the8 Journal of Obesity
associations were weak and not statistically signiﬁcant.
Children who played outside ≤1x per week seemed to have
a higher overweight risk, but such children were a small
minority in the study population.
4.3. Screen Time and Overweight. Screen time was consis-
tently and signiﬁcantly associated with overweight and the
association was largely independent of other lifestyle factors.
A dose-response relationship was observed when it was
included as a categorical variable in the regression analysis.
Our results thus suggest that, among the indicators of active
and sedentary behavior that we studied, screen time is the
most important risk factor for overweight in the age group
studied. This result is in agreement with the conclusion of a
recent study in which the evidence was summarized for six
diﬀerent strategies to prevent or treat pediatric overweight
[20]. Our ﬁndings on screen time and overweight risk are
also in line with the results of a comprehensive meta-analysis
on the subject, which observed a statistically signiﬁcant
relationship between TV viewing and body fatness among
children and youth [21]. We estimated that a reduction in
overweight prevalence of up to 2 percentage points could be
achieved if all children would reduce their screen time to
less than 1 hour per day. This is very similar to the “max-
imum achievable reduction of prevalence (MARP)” of 1.5
percentage points that was estimated for watching television
>1hr/day in a study on 5-6 year old German children [22].
4.4. Diet and Overweight. Consumption of soft drinks and
fast food at ages 5–7 was not associated with overweight
whereas an unexpected inverse association between snack
consumption and overweight was observed. Snack con-
sumption at the age of 5 years was not associated with
overweight at age 8, but snack consumption at age 7 was
inversely associated with overweight at age 8. As indicated
previously, these results may have been inﬂuenced by
selective underreporting of snack consumption by parents
of children who were becoming overweight. Besides selective
underreporting, reverse causation may also have played
a role, in the sense that parents of children who were
becoming overweight really have reduced their children’s
consumption of speciﬁc foods and drinks. The results on
fast food, snack and soft drink intakes seem to indicate
that in particular the items included in our snack, variable
are the kind of foods that come to parents’ minds when
they think of trying to limit excessive weight gain in their
child. The selective underreporting and reverse causation
that are likely to be present in our dietary data, make it
impossible to judge from our results how diet inﬂuences
the development of overweight. We hypothesize that these
mechanisms might play a role also in other epidemiological
studies on diet and overweight. Whereas, on theoretical
grounds, it is hard to imagine that food intake is unrelated
to weight status, observational studies have generally not
produced consistent evidence for the expected associations
[20, 23–27]. Our results do not provide an answer to the
question whether consumption of soft drinks, fast food, and
snacks causes overweight but seem to indicate that parents
may see reduction of snack consumption as a method to
counteract the development of overweight. With respect to
screen time, we found no such evidence. Further studies into
the strategies that parents themselves use to inﬂuence their
children’s weight gain might provide insights that could be
useful for the design of preventive strategies.
4.5. Physical Activity, Screen Time, Diet, and Overweight in
High Risk Subgroups. Low maternal education and maternal
overweight were found to be strongly associated with over-
weight in the child. The association between low maternal
education and overweight weakened substantially when the
behavioralriskfactorswereincludedinthemodel,indicating
that these factors explain part of the association. The
behavioral risk factors had little inﬂuence on the association
between maternal overweight and overweight in the child,
indicating that other factors, possibly genetic factors, play a
more important role in this association.
We repeated the regression analyses in sub groups strat-
iﬁed by maternal weight status and maternal education.
Whereas in the high risk sub groups, screen time was
higher than in low risk sub groups, the associations between
screen time and overweight were weaker (although not
statistically signiﬁcantly) in these groups, and the population
attributable risk percentage was lower than in the low risk
sub groups. As the children of mothers with overweight
and/or low education are the children at highest risk to
developoverweight,thisobservationispotentiallyimportant
for the development of preventive strategies and needs to
be clariﬁed in future observational as well as intervention
studies.
5. Conclusions
Reduction of screen time should be part of interventions to
prevent or reduce overweight in young children and could
result in a reduction of overweight prevalence in the order
of 2 percentage points in both high and low risk sub groups.
Our results also suggest however that interventions aimed to
promote sports club membership, active transport to school,
and playing outside may have little impact on the prevalence
of overweight in this age group. The possibility that, due
to reverse causation, associations between food intake and
overweightcannotbeassessedinobservationalstudies,needs
further study.
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